ABSTRACT tomography (CT) and magnetic resonance imaging (MRI), the higher incidence and diagnostic innovation provide a new cogitation for our clinical practice.
anaesthesia, especially suitable for elderly patients. Most clinicians consider that there is no difference between bilateral CSDH and unilateral CSDH in the manifestations or treatment strategies (8) . Despite of the similarities, bilateral CSDH still has its own feature. Treatment protocols and surgical details are altered by clinical symptoms, neuro-imaging findings and disease courses in bilateral CSDH.
In this study, a retrospective investigation of 74 bilateral CSDHs was conducted to investigate the effect of minimally invasive approaches on the outcome of bilateral CSDH.
█ mATERIAl and mEThODS

Patient Collection
In the present study, we collected 74 bilateral CSDHs from January 2011 to January 2014 in Northern Jiangsu People's Hospital. The inclusion standards: all the patients were bilateral CSDHs and minimally invasive approaches mainly including burr holes and twist drill craniotomy. Conservative treatments and conventional craniotomy were excluded. Patients' gender, age, hematoma location, history of trauma, imaging finding, surgical approach, the operation time, hospitalized time, CT scans three months after leaving hospital were recorded. Prognostic indicators including symptom relief and posthospital neuro-imaging findings were extracted to evaluate surgical efficacy. Our research has been approved by Northern Jiangsu People's Hospital Institutional Review Board (IRB), and all clinical investigations have been conducted according to the principles expressed in the Declaration of Helsinki.
Bilateral CSDH Classification
Density of CSDHs is variable, especially bilateral ones. All the CT and MRI scans were reviewed and assessed by the surgeons after his 5 years' work experience. Due to the complexity of MRI imaging, the bilateral CSDHs were classified into four groups on the basis of CT scans (14) in this study: bilateral hypodensity, bilateral homogeneous isodensity or relative homogeneous high-density or bilateral different homogeneous densities, layered type, and mixed type ( Figure 1A-D) .
Twist Drill Procedures
Twist drill was selected as first-line treatment by most neurosurgeons, while a minority of surgeons relied on minicraniectomy or multiple burr-holes. The length of puncture needle is usually 20 mm (11 kinds of specifications, vary from 20-70 mm), which can be adjusted by rubber spacer. Briefly, on the basis of CT and MRI scans, a small incision was made under sterile conditions. A mini-craniectomy was made by using a hand drill on the maximal width of the cranial to prevent the catheter from entering the cortex. Then several rounds of flushing with sterile water helped to thin the hematoma and to facilitate drainage. The drainage was stopped when the hematoma was adequately drained or the drainage fluid became obviously clear. Follow-up CT scans were obtained the morning after the procedure to verify positioning and to determine the efficacy of the procedure.
Statistical Analysis
The variables were coded as qualitative or quantitative and analyzed by SPSS17.0 statistical package. A descriptive analysis was performed on the entire patient sample. Nonparametric rank sum test and χ 2 test (with Yates correction when indicated) were used to compare categorical qualitative variables. Data was expressed as Median±Quartile and p-value of less than 0.05 was considered significant.
█ RESUlTS
Patients
The eligible 74 patients were 69.5±18.25 (13-86, Median is 69.5) years old; 8 patients (10.81%) were older than 80 years old, 29 patients (39.20%) between 70 to 80 years old, 17 patients (22.97%) from 60 to 70 years old; 62, male; 12 female; bilateral frontotemporal and parietal, 34; bilateral frontotemporal and parietal-occipital, 4; bilateral frontotemporal, 4. Forty-five patients (60.81%) had undoubted causes of head trauma ( Figure 2 ). The history of trauma was mainly from 4 to 13 weeks. Motor vehicle accidents or falling, slipping were mainly causes.
Headache, dizziness and vomiting were chief complaints (59, 79.73%). Limb weakness (38, 51.35%) and bad-response 
Surgical Selection
A 43-year-old man treated with conservative treatment was excluded. The remaining 73 patients were cured by minimally invasive approaches. They were classified as divided into two groups: patients in the method of twist drill (Twist drill group: n=67) and in burr-hole drainage (Burr-hole group: n=6). The follow-up three months after surgery was recorded and ranged from 1 to 3 points. Grade 1 represents symptomatic remission and the residual volume of hematoma is below 10%, grade 2 represents symptomatic relief and the residual volume of hematoma is above 25%, grade 3 represents existed clinical symptoms and the residual volume of hematoma is above 25% (19) .
In the twist drill group, CT classification was distributed into typing A (8 cases Gender (p=0.674), age (p=0.912), history of head trauma (p=0.147), CT classification (p=0.532), and follow-up (p=0.323) were shown non-significantly associated with these two minimally invasive approaches. However, there were significant group differences in CT findings (p=0.026), the operation time (p<0.001), and hospitalized time (p=0.001) ( Table I) .
Surgical Order in Twist Drill Surgery
In the twist drill group, 35 patients accepted bilateral twist drill surgery simultaneously. On the basis of bilateral hematoma volume and surgical order in twist drill surgery, patients were divided into two groups: Less hematoma puncture group (the less side of hematoma volume was punctured first, then the more side), and more hematoma puncture group (the more 
Surgical Selection
Based on clinical symptoms and neuro-imaging findings, patients after admission were entered into the hospitalized flowchart ( Figure 3 ). Most patients had strong chief complaints or obvious mass effects on CT scans. Surgical treatments were taken into primary consideration. Among surgeries, burr holes and twist drill with drainage were two common minimally invasive methods curing CSDHs (4, 7, 15) , and recommended as efficient choices for uncomplicated CSDH (10). In our center, fifty-four patients were older than sixty years old. Compared with conservative treatments and craniostomy, measures above were preferred, and a relative satisfactory result (Sixty-two patients, 84.93%) was obtained. Both types of surgical techniques seem effective for the treatment of CSDH (7, 10) . Type of surgical technique may not be a main variable improving the outcome of CSDH patients and may similarly act as a confounding factor (9) in bilateral CSDHs.
hematoma volume side was punctured first, then the less side). Thirty-three patients (94.29%) had a definite mass effect on imaging findings: 13 with midline shift and pressed lateral ventricle, while 20 without obviously shift of midline structure. The mass effects of 30 patients were removed and 28 patients had a symptomatic relief three months after surgery.
Gender (p=0.519), age (p=0.564), history of head trauma (p=0.394), CT classification (p=0.578), maximal width in CT findings (p=0.815), the operation time (p=0.739), and hospitalized time (p=0.337) were shown non-significantly associated with these two surgical orders. There was also non-significant group difference at three-month follow-up (p=0.364) (Table II) .
Outcome After minimally Invasive Surgery and Effect Factors
Sixty-two patients (84.93%; 27 patients belonged to grade 1, 35 patients belonged to grade 2) had a symptomatic relief. Eight patients had recurrence after surgery, and three patients had complications including epidural hematoma, fresh hematoma in hematoma cavity and brain parenchyma.
Gender (p=0.558), age (p=0.795), history of head trauma (p=0.519), CT classification (p=0.959), urokinase (p=0.815), surgical approaches (p=0.815), the operation time (p=0.686), 
The pathophysiology of bilateral CSDH is not well understood, but it is reported that traumatic injury leads to subdural hemorrhage. In our study, forty-five patients (60.81%) had undoubted causes of head trauma. Several risk factors including age (more than 75 years old), coagulopathy, use of antiplatelet or anticoagulation medications, and hemodialysis were identified for bilateral CSDH (13) . However, our analysis did not identify most risk factors mentioned above. Gender, age, history of head trauma, CT classification, and urokinase were all not significant risks (Table III) .
Introduction of modern imaging methods and operative techniques improves the diagnosis and treatment of bilateral CSDH (11) . Through CT and MRI, puncture point can be accurately located. The maximal width in CT findings or hematoma volume was only a factor affecting prognosis in our study. Further studies are required to assess the association between effect factors and recurrence.
In addition, this study has several limitations. The most important limitation is the retrospective study design and the reliance on medical records. Data collection and imaging reviews are less complete and accurate than a planned research. Most patients underwent twist drill surgery, while the sample in the burr-hole group was too small. The assessment of neurological status requires detailed classification.
In the twist drill group, possible general anesthesia and tracheal intubation in burr-hole group were avoided. Local anesthesia was used, which shortened the total operating time and hospitalized time, and appeared to be beneficial to elderly patients (Table I) . Fifty-six patients, 83.58%, had a symptomatic relief.
Surgical Order in Twist Drill Surgery
The maximal width of hematoma in CT findings was 20.27±8.30 mm, while the length of puncture needle was usually 20 mm, which could be adjusted by rubber spacer. On the basis of clinical symptoms and neuro-imaging findings, thirty-five patients accepted bilateral twist drill surgery simultaneously. During the operation, surgical order is inevitable. Twenty-eight patients had a symptomatic relief and there was non-significantly group difference in three-month follow-up (Table II) . When encountering definite mass effect or obvious midline shift on imaging findings, the more hematoma volume side ought to be punctured first. After drainage of hematoma, the reduction of intracranial pressure (ICP) makes it difficult to puncture on the other side of crania (20) . Therefore, before successful puncturing in the less hematoma volume side, the drainage tube should be clipped without excessive drainage. Then continuous irrigation and closed drainage were conducted on both sides.
In contrast, when the mass effect or intracranial hypertension is not obvious, the less side of hematoma volume should be punctured first, then the more side. Similarly, excessive drainage may aggravate midline shift or bring hernia. Drainage 
